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INTRODUCTION

The major objective of this research project was to identify and characterize
promoter/enhancer elements that can be used to target the expression of therapeutic
genes to hypoxic regions within prostatic tumors in vivo. Specifically, a novel episomal
promoter/enhancer trap cloning system was developed and used to rapidly isolate
candidate DNA sequences that were then tested both in vitro and in vivo for their
functional activity in a variety of prostatic and other tumor cell lines under both normoxic
and hypoxic conditions. Ultimately, adenoviral vectors in which expression of an
indicator gene is driven off a candidate promoter/enhancer element will be constructed

and tested for their ability to specifically target gene expression to hypoxic regions of
prostatic tumor xenografts in vivo.

BODY/PROGRESS

Task 1:lsolation and characterization of novel “prostate-specific” hypoxia inducible
promoter/enhancer elements

Initial efforts directed toward isolating and characterizing novel “prostate-specific”
hypoxia-inducible promoter/enhancer elements for use in various cancer gene therapy
applications utilized pEGTIII, a unique episomal promoter/enhancer expression vector
that was developed in our laboratory. This vector contains a “leaderless”
bonef/liver/kidney alkaline phosphatase cDNA (ALP) that has been engineered to
express a widely utilized splice acceptor site derived from CD44 exon v9 at its 5' end.
Randomly generated size-selected (mean size around 2.5 kb) DNA fragments were
cloned upstream of this indicator gene creating a plasmid library of moderate complexity
(~10” recombinants). Upon transfection into an appropriate eukaryotic target cell,
expression of ALP will only occur if the DNA fragment present in the plasmid vector
contains both an appropriate promoter/enhancer element and an exon that can provide
a splice donor site that can be utilized to generate an in-frame fusion protein. The vector
also contains the EBNA-1 gene and an EBV origin of replication (oriP) and as such is
expected to replicate episomally within the nucleus of transfected cells giving
approximately 20-30 copies/cell. Such amplification is a potentially important aspect of
the cloning strategy as it may allow the identification of promoter elements with weak
constitutive activity that can then be excluded from further consideration potentially
favoring the isolation of inducible promoters that are inactive in the absence of
appropriate stimulation.

In initial “proof-of-principle” studies, the plasmid library was introduced into various
prostatic (DU145, PC3, LnCap) and non-prostatic (293, T24, K562) tumor cell lines by
electroporation. Forty-eight hours later, G418 was added at a final concentration of 200-
400 pg/ml to select for transfected cells. Plates were then cultured for 18-21 days during
which time discrete colonies containing 100-200 cells are produced. Colonies
composed of cells transfected with a plasmid encoding a constitutively active promoter
element could be readily identified by virtue of their expression of ALP. Briefly, plates
were fixed for 1 minute in 100% ethanol then incubated for various periods of time with
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the ALP substrate BCIP/INT. As shown in Figure 1, ALP-positive colonies stain an
intense brown color and can be easily differentiated from ALP-negative colonies. The
frequency of ALP-positive colonies (indicating the presence of constitutively active
promoter elements) was, however, disappointingly low (~0.1%). Moreover, attempts to
recover plasmid DNA from fixed ALP-positive colonies by scraping the cells from the
dish and performing Hirt extraction were unsuccessful despite our considerable
experience with the approach and the expenditure of much time and effort.

~In an attempt to overcome this potentially serious obstacle to further progress we

developed a novel colony lift technique that permits the identification of ALP positive
colonies without the requirement that plates be first fixed in ethanol. Since the colonies
remain viable, they can be picked and expanded for subsequent promoter isolation and
characterization studies. Briefly, plates are washed extensively to remove medium then
incubated in PBS for 20 minutes. Since PBS lacks calcium and magnesium ions the
cells in the colonies round up and loosen their attachment to both the substrate and one
another. At this point plates are overlaid with Immobilon-P PVDF membranes and
incubated for 5 minutes at room temperature. A proportion of the cells present in each
colony are bound by the membrane which is then removed, fixed in ethanol and stained
for ALP expression using the ALP substrate BCIP/INT as before. Colonies that express
ALP, presumably because they were transfected with a plasmid containing a
promoter/enhancer element that is constitutively active in the cell type under study, can
be readily identified by virtue of the presence on the membrane of a brown staining
"plaque”. The position of such colonies on the original plate can then be marked, fresh
media added and the cells cultured for a further 48 hours to allow recovery. At this point,
ALP-positive colonies can be picked and the clones expanded in vitro prior to further
study. It was possible using this approach to establish a panel of cell lines that differ
greatly in ALP expression, presumably reflecting differences in the activity of the
constitutive promoter elements they contain. Examples of two such lines are shown in
Figure 2. Although most of the colonies that were picked for further analysis in the
course of this study were uniform in their expression of ALP and gave rise to cell lines
that were essentially 100% ALP positive, occasional clones were observed in which
only a small proportion of cells within the original tumor colony stained for ALP.
Particularly common was a presentation where only the cells at the edge of a colony
were strongly ALP positive. It is conceivable that the promoter element present within
the pEGTIII plasmid with which these cells were transfected is active at only certain

stages in the cell cycle or is regulated by signals associated cellular differentiation,
activation, migration etc.

Unfortunately, despite exploring a large number of variations on the standard procedure
that has served us well with respect to other episomal plasmids (e.g. pPCDM8), attempts
to isolate pEGTIII plasmid DNA from viable ALP-positive cells by Hirt extraction once
again proved unsuccessful. In order to explain this finding, Southern blot analysis was
carried out. These studies demonstrated unequivocally that in most of the established
ALP-positive cell lines selected and maintained in G418, the pEGTIIl vector was no
longer episomal but rather, that one or more copies of the plasmid had instead
integrated into the genome (data not shown). In those cell lines where episomal DNA
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could be detected, copy number was generally very low (<5 copies/cell) and integration
into the genome was usually also evident. Obviously, integrated plasmids will not be
recovered by Hirt extraction and in those cells that do contain episomes copy number
may be below the threshold required for efficient recovery of plasmids even when
starting with a very large number of viable cells. Promoters could of course be isolated
from ALP-positive cells by PCR using primers that flank the cloning site present in the
pEGTIII vector. This was, however, not a particularly efficient process and is certainly
not one that lends itself to high throughput screening. Indeed, for those cell lines in
which only integrated plasmids are evident, a simple PCR approach employing primers
that flank the pEGTIll multiple cloning site was rarely successful. This finding may
reflect the fact that the recombination event that gives rise to stable integration may

occur preferentially within the region of the plasmid that contains the genomic DNA
insert.

Given the limitations of the pEGTIII approach discussed above, various alternative

promoter-cloning strategies were explored. The most promising employed a plasmid
vector designated pEpiNPT that was obtained from an industrial collaborator under a
confidentiality agreement. As shown in Figure 3, this particular vector is similar in some
respects to our pEGTIIl plasmid as both are EBV-based and designed to replicate
episomally within the nucleus of transduced cells. However, rather than using
leaderless-ALP as an indicator gene, the pEpiNPT vector instead contains a cassette in
which the neomycin resistance gene (NPT) is placed immediately downstream of a
simple minimal promoter containing an appropriately positioned TATA box and
transcriptional start site. A library is generated by cloning random genomic DNA
fragments (mean insert size 3.5 kb) into a multiple cloning site adjacent to the minimal
promoter. Since the minimal promoter itself lacks significant constitutive activity,
resistance to G418 upon introduction of the library into an appropriate target cell line
only occurs if the genomic DNA fragment present in a particular clone possesses the
necessary complementing activity. The promoter elements isolated using this approach
are thus artificial hybrids in that neither the minimal promoter or the corresponding
genomic DNA fragment are expected to possess promoter activity in their own right but
only when joined to one another. Initial screening indicated that a surprisingly high 10-
12% of clones present within a library provided by our collaborator exhibited a level of
promoter activity sufficient to confer resistance to G418 upon introduction into a range
of prostatic and non-prostatic tumor cell lines. These results appeared very promising
and encouraged further development of this alternative vector system. However, given
the difficulty we had experienced previously in recovering plasmid DNA from cells
transfected with the pEGTIII vector that had been selected and maintained for long
periods of time in G418, it was felt necessary to develop an alternative transient
screening strategy. Various approaches were explored but in the one that worked best,
the NPT gene present in the pEpiNPT vector was removed and replaced with GFP
allowing promoter activity to readily determined and quantified by FACS analysis. This
vector was designated pEpiGFP. As shown in Figure 3, a second expression cassette
was included in subsequent versions of this vector allowing transfected cells to be
identified and/or selected. To permit cost effective high throughput analysis, a system
was developed in which individual plasmid clones were isolated and introduced into
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adherent tumor cells growing in the wells of a 96 well plate using either an 8 or 96 well
electrode and two days later individual wells were harvested by trypsinization and any
cells expressing GFP identified by FACS analysis. As illustrated in Tables | and Il and
Figure 4, considerable effort was expended in determining the most appropriate custom
electrode design (i.e. conventional versus reverse polarity) as well as the optimal
electroporation conditions necessary to obtain efficient gene transfer into a range of
tumor cell lines. Although the efficiencies obtained were generally somewhat less than
is seen for cuvette-based electroporations, a range of conditions were ultimately
identified in which both the level of GFP expression and the percentage of GFP-positive
cells obtained were deemed adequate to permit screening of the pEpiGFP library
(Figure 4). Although labor intensive, this approach has lead to the identification of a
number of promoter elements (~0.5% of the clones screened) that are constitutively
active in prostatic and/or other tumor cell lines. Of these, a total of four elements were
considered of particular interest as a result of their high activity and/or cellular
specificity. As shown in Figures 6-8, these elements have been sequenced, their
chromosomal locations defined and various potentially important structural elements
identified. Details are provided in the corresponding Figure Legends. Particular interest
was focused on promoter 780 by virtue of its differential activity in the prostate cell lines
DU145 and PC3 (Table Ill). Initial deletional analysis of this promoter was carried out in
order to narrow down the region responsible for its constitutive activity (Figure 9).
Removal of the 5’ end of the sequence (KpnA and XbaA) significantly enhanced activity
suggesting the presence within this region of inhibitory/suppressive elements. Activity
declined as addition 5° sequences were removed although even a 1103 bp Xho1
fragment that encompasses the 3’ end of the promoter retained moderate activity. Of
course even this relatively short sequence contains numerous putative transcription
factor-binding sites as determined using the Matinspector v2.2 program accessed via
the TRANSFAC Transcription Factor Database (http://transfac.gbf.de/TRANSFAC)).
Ultimately additional deletional analysis will need to be carried out before site-directed
mutagenesis can be used to identify the precise sequence elements responsible for the

constitutive activity of this and other interesting promoter elements in prostatic tumor
cells.

Both ourselves and the various collaborators to whom we have supplied reagents have
begun the process of screening the pEpiGFP library using the same basic approach
described above in order to identify promoter clones that are responsive to hypoxic
stimuli. Since it was appreciated that the fluorescent activity of GFP is dependent upon
the presence of O, cells were allowed to recover for various periods of time under
normoxic conditions before analysis. Although several potentially promising prostate-
specific and/or hypoxia-responsive promoter candidates were identified, to date none of
these have withstood more rigorous analysis although screening studies are continuing.
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Task 2:Characterization of the functional activity of candidate promoter/enhancer
elements in prostatic tumor cells in vitro and in vivo

An important objective of this task was to characterize the functional activity of
candidate hypoxia-inducible promoter elements in tumor spheroids that contain regions
of diffusion-limited hypoxia. To this end we developed an approach in which highly

reproducible tumor spheroids are established in hanging droplets in the wells of a
Terasaki plate. ‘

Since the promoter cloning work described above has not yet lead to the identification of
novel elements that meet the stringent criteria for cellular specificity and responsiveness
to hypoxia set out in the original proposal, initial functional studies focused instead on a
1399 bp genomic DNA fragment corresponding to a region of the human TNF-a
promoter (position —1307 to +92) (Figure 10) that has been isolated, cloned into a
modified version of the pEGTIII vector containing a full-length ALP cDNA (pEGTIV) and
shown to possess both low constitutive activity and good induction following 18 hour
incubation of transfected K562 cells (erythroleukemia) in a low O, environment.
Unfortunately, in some prostatic and other epithelial cell lines, although significant
induction was also obtained following exposure to hypoxia and/or other stimuli (see
initial application), the TNF-a promoter exhibited high constitutive levels of activity that
may limit its usefulness in targeted gene therapy applications (Table I11). Initial stepwise
deletional analysis determined that much of this constitutive activity could be attributed
to a sequence located within a ~100 bp region immediately upstream of the TATA box
(Figure 10). As shown in Figure 11, more targeted deletion of this short region while
retaining the remainder of the promoter intact reduced constitutive activity by 80-90%.
Individual transcription factor binding sites located within this region were then targeted
using a PCR-based site-directed mutagenesis approach and in this way, the AP1 site
located at position —108 was shown to play a critical role in the determining the
constitutive activity of the promoter in non-myeloid cells. When placed upstream of a
GFP indicator gene a “full length” TNF-apromoter in which this site was rendered
nonfunctional by site-directed mutagenesis exhibited minimal background activity. Using
this construct as a starting point, additional deletional analysis is being carried out to
define the sequence motif(s) responsible for the observed hypoxia-induced activity of
the TNF-apromoter. Particular emphasis is being placed on the three NF-xB sites
shared by both the human and mouse TNF-a.genes (Figure 10) as changes in redox
potential resulting from irradiation or exposure to hypoxic conditions induce activation of
NF-kB and tyrosine phosphorylation of its inhibitory subunit IkBo, via a signal
transduction pathway that involves Ras and Raf, but not MAP kinase. Moreover, recent
studies have shown that interaction between NF-xB and the k3 site located toward the
3’ end of the promoter plays an important role in the transcriptional activation of TNF-
a by superantigen. In contrast, studies with the monocytic cell line Mono Mac 6 indicate
that LPS induces a factor with the characteristics of NF-xB that interacts with k1, the
most 5’ of the three NF-xB binding sites in the promoter.
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Task 3:Generation and analysis of adenoviral vectors in which expression of an
indicator gene is driven off candidate hypoxia-inducible, prostate-specific
promoter elements

Several adenoviral vectors have been generated in which expression of various
indicator genes is driven off a number of the constitutive promoter elements examined
in the course of the present study. Rather than using the approach outlined in the initial
proposal, these vectors were constructed using the AdenoQuest Kit manufactured by
QBio (Montreal), as the design of the “transfer” vector included in this kit facilitates the
direct subcloning from pEGT or pEpi vectors of a cassette that includes the promoter of
interest, an indicator or therapeutic gene and an SV40-derived polyadenylation signal.
Initial studies have confirmed that, with the exception of PC3, which appears to express
low levels of CAR, prostatic tumor cells can be efficiently transduced in vitro using such
adenoviral vectors. Studies to evaluate the potential effectiveness of adenoviral-
mediated gene transfer in the treatment of prostate cancer are currently being carried
out by ourselves and various collaborators using a number of in vivo tumor models. The
initial data from one such study is shown in Figure 12. In this experiment, DU145 tumor
xenografts growing subcutaneously in SCID mice were directly injected with an
adenoviral vector in which a constitutive promoter is used to drive expression of a
chimeric gene encoding a cell surface protein consisting of the extracellular domain of
the VEGF receptor Flk-1 fused in frame to the membrane spanning and cytoplasmic
domain of the pro-apoptotic protein Fas. It is hypothesized that crosslinking of the
Flk/Fas chimera by VEGF produced within the tumor microenvironment in response to
hypoxia or other stimuli will trigger an apoptotic response in transduced cells. 24 hours
after adenoviral administration, tumors were treated with photodynamic therapy (PDT)
and the effect of adenoviral transduction on tumor regrowth determined. Even at the

relatively low dose of virus used in these initial experiments some reduction in tumor
regrowth is evident.

KEY RESEARCH ACCOMPLISHMENTS:

-Development of a novel high throughput screening strategy that can be used to rapidly
isolate promoter elements that are constitutively active in a cell type of interest or
responsive to a particular stimulus in vitro.

-Isolation and characterization of a panel of promoter elements that exhibit constitutive
activity in prostatic tumor cells. ‘

-Identification and preliminary characterization of promoter elements that exhibit
differential activity in certain prostatic tumor cell lines.

-ldentification of the transcription factor binding sites present within the human TNF-a
promoter responsible for constitutive activity in transfected prostatic tumor cells.
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-Generation of preliminary evidence that treatment with adenoviral vectors in which
expression of a therapeutic gene (Flk/Fas) is driven off constitutive promoter elements
can inhibit the growth of prostatic tumor xenografts in vivo.

REPORTABLE OUTCOMES:

Manuscripts will be submitted describing the characterization of the transcription factor
binding sites present within the human TNF-a promoter that are responsible for

constitutive activity and hypoxia responsiveness. The support of the US Army Medical
Research and Materiel Command will be acknowledged.

The sequences of the novel promoter elements identified in this study will be submitted
to GENBANK.

Aliquots of the pEGTIIl and pEpiGFP libraries have been provided to colleagues in the
US, Canada and the UK who are interested in identifying promoter elements that
respond to a variety of stimuli including, hypoxia, radiation and tubulin-binding agents.
We are actively involved in the planning and execution of these studies and will be
included as authors on the resultant publications.

CONCLUSIONS:

Although the promoter cloning studies carried out to date have failed to identify a
promoter element that is both prostate-specific and hypoxia-inducible, a high throughput
screening strategy that will allow such sequences to be isolated has been developed
and a number of potentially interesting constitutive promoter elements, some of which
show differential activity in various prostate tumor cell lines, have been obtained.
Screening studies are continuing and we are optimistic that therapeutically useful
elements meeting the strict functional requirements outlined in the initial proposal will
ultimately be identified and characterized using this approach.

REFERENCES:
N/A

APPENDICES:

Figures 1-12 and Tables I-lll attached in Appendix 1.




FIGURE 1

Figure 1: ldentification of promoter elements active in prostatic tumor cell lines.
The pEGTIII plasmid library was introduced into various prostatic (DU145, PC3,
LnCap) and non-prostatic (293, T24, K562) tumor cell lines by electroporation.
Forty-eight hours later, G418 was added at a final concentration of 200-400
ug/ml and the plates cultured for 18-21 days to select for transfected cells which
gave rise to discrete colonies containing 100-200 cells. To determine ALP
expression, plates were fixed for 1 minute in 100% ethanol then incubated for
various periods of time with the ALP substrate BCIP/INT. As shown in the right
hand panel above, colonies that are ALP-positive (presumably because the
plasmid with which they were transfected contained a constitutively active
promoter) can be readily detected by virtue of their intense brown staining and
can be easily differentiated from ALP-negative colonies, an example of which is
shown in the left hand panel. Irrespective of the cell line tested, the frequency of
ALP-positive colonies produced was around ~0.1%.
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Figure 2: Variations in ALP expression by established cell lines derived from
pEGTII transfected ALP-positive tumor cell colonies. ALP-positive tumor cell
colonies identified using the colony lift technique described in the text, were
picked and expanded in vitro. As illustrated by the two T24 clones shown above,
the populations obtained differ greatly in their expression of ALP as determined
by BCIP/INT staining of ethanol fixed cells adherent to glass coverslips. Such
heterogeneity can be attributed at least in part to differences in the activity of the
particular constitutive promoter element that is present within the pEGTIII
plasmids with which the cells were initially transfected.




FIGURE 3
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Figure 3: Key features of the pEpi promoter cloning vector series
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TABLE I: Determining optimal electroporation conditions for “conventional” 8/96 well electrode.

Sample # | %viable | - x+o™ ‘%GFP +ve x+o™ | xFLA1 | xtorl
Data 001 NIL 97.72 0.08 N/A

Data 002 NIL 98.00 97.740.2 0.06 <0.1 N/A N/A
Data 003 NIL 97.52 0.02 N/A

Data 004 50 39.72 5.69 424

Data 005 50 56.72 49.8+8.9 10.17 8.8+2.7 269 328+84
Data 006 50 52.82 10.49 290

Data 007 100 49.57 9.62 312

Data 008 160 47.04 48.7+1.4 11.82 10.6+1.1 314 31242
Data 009 100 4948 1043 311

Data 010 200 48.50 12,45 541

Data 011 200 41.64 45.7+3.6 15.05 140+1.4 470 516+40
Data 012 200 47.10 14.52 536

Data 013 400 38.88 17.57 444

Data 014 400 43.16 39.8+3.0 20.25 19.0+1.4 549 514+61
Data 015 400 37.38 19.21 549

Data 016 800 15.08 6.5 248

Data 017 800 39.94 31.6+14.3 20.47 14.3+7.1 596 | 440+177
Data 018 800 39.62 15.96 475
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TABLE II: Determining optimal electroporation conditions for “reverse-polarity” 8/96 well
electrode.

- Sample # uF oviable x+o™! %GFP +ve x+0™ x FL-1 x+ot!
Data 019 NIL 96.66 0.00 N/A
Data 020 NIL 96.58 96.0+0.1 0.00 <0.1 N/A N/A
Data 021 NIL 94.90 0.00 N/A
Data 022 50 24.32 1.32 49
Data 023 50 16.00 22.74+6.1 (.50 0.9+0.4 55 53+3
Data 024 50 27.90 1.00 54
Data 025 100 55.68 13.25 546
Data 026 100 46.96 51.1444 13.81 129+1.1 400 476+73
Data 027 100 50.78 11.59 482
Data 028 200 53.90 14.99 375
Data 029 200 53.0 54.1+1.2 18.39 16.2+1.9 397 431+78
Data 030 200 55.35 15.36 520
Data 031 400 36.19 17.10 247
Data 032 400 40.44 37.5+2.6 21.19 20.9+3.7 635 5514272
Data 033 400 35.79 24,43 771
Data (034 800 24 .45 8.10 301
Data 035 800 25.11 24.4+0.8 6.67 9.2+3.2 165 287+116
Data (036 800 23.53 1278 395
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Figure 4: Determination of optimal conditions for electroporation of tumor cells in
flat-bottomed 96 well plates. 10 ml of a 293 cell suspension (1 x 10° cells/ml)
were added to 100 ml pEpiGFP(CMV) plasmid DNA (1 mg/ml), mixed well and
100 pl aliquots added to each well of a flat-bottomed 96 well plate (1 x10*
cell/well). Wells were electroporated at 280v, R3 (48 Ohms) at capacitance




settings of 50, 100, 200, 400 and 800 uF using a BTX electroporator and the time
constants were recorded (see Tables | & l). Immediately after electroporation,
100 ml DMEM+20% FCS were added to each well and the plates incubated at
37°C, 5% CO; for 3 days. To determine GFP expression, any non-adherent cells
were collected, wells trypsinized and the adherent and non-adherent populations
pooled. Cells were pelleted by centrifugation at 1000 rpm for 10 min,
resuspended in 750 ul. HBSS+2% FCS containing 1 ug/ml propidium iodide (P1)
and analyzed on a FACSCalibur. Non-viable Pl-positive cells were gated out and
data collected on the percentage viable (Pl-negative) cells, the percentage of
viable cells expressing GFP and the mean fluorescence of GFP-positive viable
cells. The dot plots obtained are attached and the data is summarized in Tables |

& ll. Data 001-018: Conventional electrode. Data 019-036: Reverse polarity
electrode.
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1611 cactcggage agocagecag coctgebgge cocgggcaat gggggactta gcacctggge cagtyggotgt
gtgagccteg toggteggte gggacgaceg gggeccogtta ccccctgaat cgtggacceg gtcaccgaca

1681 ggagggtgta ctgagtecec cagcagtgce ggcceoacegyg cgctgtgeee gatttetege egggecttag
ccteccacat gactcagggg gtegtoacgy cegggtggee gegacacggg ctaaagageg geccoggaate

1751 ctgecttece gtggggeagg gottgggace tgcageocege catgectgag cctoccccte ctoegtggac
gacggaaggg cacceegtec cgaaccotgg acgtcggycy gtacggacte ggagggggag gaggoacoog

1821 tcctgtgoog cocgagecte ctogacgage accacccect gotecacgge acccagteoc atcgaccaco
aggacacggc gggctcggay gagetgeteg tggtggggga cgaggtgecg tgggtcaggg tagetggtgg

1891 caagggctga ggaatgegag tgcacggege gggactggea ggcagcteca ccotgecagcoee cggtgtggga
gtteccgact cettacgete acgtgocgeg coctgaccgt cogtegaggt ggacgtoggg gocacaccot

1961 tcecactgggt gaageccaget gggctectga gtotggtggy aatgtggaga gtctetatat ctagetcagg
aggtgaccca cttoggtega cocgaggact cagaccacce ttacacctot cagagatata gatcgagtec

2031 gattgtaaat acaccaateca goaccctgty tttagetcaa ggtttgtgag tgcaccaatt gacactctgt
ctaacattta tgtggttagt cgtgggacac aaategagtt ccaaacacte acgtggttaa ctgtgagaca

2101 atctagetge tctggtgggg cottggagaa cctgtgtgte tagetcaggy attgtaaata caccaategg
tagatcgacg agaccaccce ggaaccteott ggacacacag atcgagtccc taacatttat gtggttagee

2171 cactctgtat ctagctecaac gtttgtasac acaccaatca gcaccctgtg tttagcteaa ggtttgtgag
gtgagacata gatcgagttg caaacatttg tgtggttagt cgtgggacac aaatcgagtt ccaaacacte

2241 tgeaccaatc gacactctgt atctagetge totggtgagg atgtggagayg tctitatatc tagetcaggg
acgtggttag ctygtgagaca tagatcgacy agaccactcc tacacectete agaaatatag ategagtceo

2311 attgtaaaca caccaatcag cacecctgtgt ttagctcaag gtttgtgagt gcaccaatcg acactgtatc
| taacatttgt gtggttagte gtgggacaca aatcgagttc caaacactca cgtggttage tgtgacatag

: 2381 tagetgetet ggtgaggaca tggagaacct ttatgtctag ctcaaggatt gtaaatacac caatcggeoac
| atcgacgaga ccacteotgt acctottgga aatacagatc gagttoctaa catttatgtg gttagoogtg

agacatagat cgagttccaa acatttgtgt ggttagtegt gggacacaaa tegagttceca aacactcacg

2521 accaatcgac actctgtatc tagetgetet ggtggggect tggagaacet gtgtgtggaa actetgtate
tggttagetyg tgagacatag ategacgaga ccacccogga acctottgga cacacacctt tgagacatag

2591 taactaatet gatggggacg tggagaacet ttgtgtctag ctcagggatt gtaaacgcac caatcagege

2451 tetgtatcta goteaaggtt tgtaaacaca ccaatcagea cecetgtgttt agectecaaggt ttgtgagtge
t attgattaga ctacceotge acctottgga aacacagatc gagtcoctaa catttgegtyg gttagtegeg
|

2661 cctgacaaaa caggecactc ggotctacea atcageagga tgtgggtggy gocagataag agaataaaag
i ggactgtttt gtccggtgag cogagatggt tagtegtoct acacceacee cggtctattc tottattttco

2731 caggctgceg gaaccageat tggeoaaccca ctegagtcce cttccaccte gtggaa
gtecegacgge cttggtegta accgttgggt gagotcaggg gaaggtggag cacctt

Figure 5: Complete sequence of pEpiGFP promoter clone #648. Maps to human
| Chromosome 6. Matches nucleotides 10084-12869 of Genebank Accession
gi|9581538|emb|AL135912.7|[9581538]. Potentially important features noted
within this region of chromosome 6 include a CpG island at position 11358-
12004, an endogenous retroviral LTR12 element at position 12618-13250 and
three pTRS repetitive elements (an endogenous retroviral sequence that is
present in human but not baboon DNA) at positions 11169-11398 (matches 743-
963 of consensus sequence), 11372-11638 (matches 1074-1345 of consensus
sequence) and 11609-12610 (matches 926-1907 of consensus sequence).
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1611 gaggggccoc gegoccatgg agactgotgg ggacaggetg gggcagggey gggtgdaggg tgtcotctte
ctoeoogggyg cgogggtace tetgacgace ccotgtocgac ceogteeege cocacctocee acaggagaaqg

1681 tgatggatge
actacctacg

Figure 6: Complete sequence of pEpiGFP promoter clone #764. Maps to human
Chromosome 2. Matches nucleotides 102210-103899 of Genebank Accession
gi|14717362|gb|AC079400.6]|[14717362]. Potentially important features noted
within this region of chromosome 2 include an Alu repeat at position 102210-
103899.
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Figure 7: Complete sequence of pEpiGFP promoter clone #780. Maps to human
Chromosome 5. Matches nucleotides 158043-154752 of Genebank Accession
gi|18449986|gb|AC093240.2|[18449986]. Potentially important features noted
within this region of chromosome 2 are discussed below.
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1611 gagtectcact ctgtetgagt gagacccagg ctggagtgca gtggcatgat cttggcteac tgcaacctet
ctcagagtga gacagactca ctetgggtec gacotcacgt caccgtacta gaaccgagtg acgttggaga

1681 gocteetggg ttcaagegat tottgtgoct cagetteocea agtagetggy actacaggeg cgeaccgoca
cggaggacce aagttegeta agaacacgga gtogaagggt teatcgacce tgatgtocge gegtggeggt

1751 tgeoctggota atttttgtat ttttggtaga gatgggtttt caccatgttyg gccaggetgg tcotcgaacte
acggaccgat taaaaacata aaaaccatct ctacccaaaa gtggtacaac cggtcogace agagottgag

1821 ctgacctcaa gtgatccace cacctegget teccaaagtg ctgggattac aggeataage cactgegeet
gactggagtt cactaggtgyg gtggagooga agggtticac gaccctaatg tecgtatteg gtgacgegga

1891 ggeoctteagg ttottgaate catacteotag gcacttgaaa gatgaagott
ccggaagtec aagaacttag gtatgagatce cgtgaacttt ctacttegaa

Figure 8: Complete sequence of pEpiGFP promoter clone #3841. Maps to human
Chromosome 17. Matches nucleotides 133874-135813 of Genebank Accession
gi|18874231|gbJAC018521.8|[18874231]. Potentially important features noted
within this region of chromosome 17 include two L2 repeats at position 133776-
133894 and 133918-133975, and four Alu repeats at position 134689-134853

(AluSg/x), 134856-135146 (AluSx), 135157-135454 (AluJo) and 135463-135767
(AluSx).




Table IlI: Activity of promoter clone 780 in various tumor cell lines

Tumorline | Confrol pTNF  pCMV  pRSV  p780
K562 - - ++ + _
T24 - + + + +
293 - - +++ ++ +4
DU145 - + ++ + +
PC3 - -I+ ++ + -

Promoter 780 and various control promoter constructs (CMV, RSV and TNF)
were cloned upstream of a GFP indicator gene in an EBV-based episomal
vector. Tumor cells were transduced by electroporation and GFP expression
determined by FACS analysis.
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Figure 9: Deletional analysis of promoter clone 780. 5’ deletions of the 780
promoter were prepared by restriction enzyme digestion and recloned upstream
of the TATA box in pEpi(GFP) (A). Cells were transduced by electroporation and
selected in G418. GFP expression was determined by FACS analysis (B).
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Figure 10: Human TNF-a promoter. The ~100 bp sequence adjacent to the
TATA box containing an AP1 site and Sp1 site that appears to be responsible for
the majority of the constitutive activity of element (see Figure 11) is indicated.
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Figure 11: Activity of full length [pPTNF(FL)] and AP1 deleted [PTNF(AP1D)] TNF
promoter constructs in T24 cells. Promoter constructs were cloned upstream of a
GFP indicator gene in an EBV-based episomal vector. Cells were transduced by
electroporation and selected in G418. GFP expression was determined by FACS
analysis. Removal of the AP1 site adjacent to the TATA box (see Figure 10)
reduced promoter activity (as determined by mean fluorescence values) by 80-
90% (note log scale).
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Figure 12: DU145 tumor xenografts (~5 mm in diameter) grawin%
subcutaneously in SCID mice received a single peritumoral injection of 3.9x10

PFU Ad.Flk-1/Fas. 24 hours later tumors were treated with PDT (mTHPC 0.1
mg/kg; 30 J/cm?) and the impact of adenoviral-mediated gene transfer on tumor
regrowth determined.




